Abstract-The sailing posture of AUV in water will be affected by the density, depth of seawater and so on. The sailing posture of AUV will be changed when crossing the waters of different hydrological environment. For maintaining a good sailing posture of AUV, we designed a variable buoyancy system. The variable buoyancy system can change the buoyancy of AUV by changing the oil of the outer oil sac to ensure that AUV can get a good posture. We can get a series of test data by the AMESim simulation of the no-load operation and loading operation of the hydraulic system and the test on the lake. Finally, the test data are compared with simulation data, and it can provide reliable reference for system optimization. The results showed that the flow of variable buoyancy system is affected by the depth of water and the temperature of environment, and variable buoyancy system can steadily operate and satisfy the engineering needs.
INTRODUCTION
AUV is playing a more and more important role and get attention at home and abroad with the increasing of exploitation of the marine resources. AUV is also subject to energy in complex marine environments, therefore, saving energy of AUV is an important direction of research at home and abroad [1] . The variable buoyancy system designed in this paper can not only save energy and increase the navigation time, but also adjust its attitude at all times and ensure the normal navigation [2] .
The variable buoyancy system has three basic forms: the weight unchanged and change the volume of AUV; volume unchanged and change the weight of AUV; change the weight and volume at the same time. But only the first two that is variable ballast of variable buoyancy system and variable volume of variable buoyancy system is used in practice [3] , [4] .The variable buoyancy system of oil in this paper belongs to variable volume of variable buoyancy system. The variable buoyancy system of oil has long life and great reliability, and it can change the buoyancy of AUV by changing the amount of oil in outside oil sac. The amount of oil discharged is calculated by flowmeter.
II. FUNDAMENTAL
The fundamental of variable buoyancy system of oil: the variable buoyancy system takes place of the thruster of channel. The outer oil sac contacts with water, and the inner oil sac is installed inside of AUV. It changes the buoyancy of AUV by changing the amount of oil in outer oil sac. The size of buoyancy provided with variable buoyancy system is calculated by flowmeter. The outer oil sac is compressed and the drainage volume becomes smaller, so as to achieve diving of AUV, when the oil is discharged to the inner oil sac. When the oil is discharged to the outer oil sac, the drainage volume of the outer oil sac increases while the weight of AUV is constant, thereby increasing the buoyancy of the AUV. When all the oil is discharged to the outer oil sac, the AUV obtains the maximum buoyancy and achieve the power-free rise. [5] The variable buoyancy system can makes the AUV to achieve power-free dive rise, hovering and long time latency under water, etc. And it can save energy compared to the thruster of channel. The hydraulic system schematics of no-load operation and loading operation designed in this paper show in Figure 1 , 2 [6] , [7] : 
III. VARIABLE BUOYANCY SYSTEM DESIGN

A. Fundamental Design
The design specifications of variable buoyancy system designed in this paper: calculating the amount of volume adjustment, the velocity of adjustment and the precision of adjustment. And the amount of volume adjustment is the main design specification. The amount of volume adjustment should satisfy [8] :
p V is the unbalance of the gravity and buoyancy of AUV during initial trim, the initial positive buoyancy is about 1.5~2.5kg, In this paper
V : adjusting the difference between the density of different waters need to adjust the amount of volume: [9] .
B. Distribution Design of Buoyancy Adjustment System
After the working principle of the system is determined, according to the installation location of the outer oil sac, two schemes are designed: one is the outer oil sac of the variable buoyancy system installed in the AUV outside; one is the outer oil sac of the variable buoyancy system installed in the AUV internal.
In order to determine the final design, I analysed the navigational resistance of the two design. With the Pointwise mesh delineation software and the CFX calculation software, the navigational resistance of AUV under the two schemes was calculated when the sailing speed was 3kn, 4kn and 5kn. We can see that the outer oil sac installed in the internal through the text [3] , the navigation resistance will be deduced by about 40%. From the energy point of view, the final determination is that the outer oil sac installed in the AUV [10] .
IV. AMESIM MODELING AND SIMULATION
A. Hydraulic System of Variable Buoyancy Modelingand
AMESim is a intelligent software that can achieve the modeling and simulation of system engineering of multidisciplinary field, and it has a variety of mode of operation. It is convenient for users to anlyze and optimize system, and it is widely used in mechanical, hydraulic, pneumatic, thermal and electrical fields. The simulation model is established according to the hydraulic system schematics, as shown in Figure 3 [11- [13] . 
B. The Simulation of Hydraulic System
We make no-load operation simulation and get the realtime flow according to the hydraulic system schematics established in Figure 4 . And compared with the test flow.
The model parameters are the same as the actual such as pipe diameter, length, etc in order to simulate the actual environment as much as possible. The simulation results are shown in Figure 4 . We can get the result curve of test by matlab based on test datas, as shown in Figure 5 . We can know that the flow of hydraulic system is stabilized by comparing the two figures. And the value has a little fluctuations by comparing the actual flow to simulated flow. This is due to the actual flow affected by the speed of motor and the temperature of oil. The flow from outside to inside and from inside to outside has a little gap as shown in simulation results and test results. This is due to the effect of throttle. We make loading operation according to the hydraulic system schematics established in Figure 5 . We make the loading simulation, when the load is 0.7MPa, 1.2MPa, 2MPa, respectively, and get the real-time flow of the hydraulic system, as shown in Figure 7 , 9, 11. Compare the simulation results to test results as shown in Figure 6, 8, 10 . The flow of hydraulic system decrease a little compared with the flow of no-load operation from the simulation and test results. But the flow from inside to outside is greater than the flow from outside to inside, and it is affected by the length of pipeline etc.
The flow difference of hydraulic system under the three kinds of loads is small, and this shows that the hydraulic system can steadily operate in the required depth. We can know that the current of motor will exceed the rated current during the test, when the load is 2MPa, and this also provides a reliable data reference for further study and improvement work.
V. TEST ON THE LAKE
In order to verify the reliability of buoyancy regulation system in practical application, we conducted a lake test in Qiandao Lake. Figure 12 shows the water surface navigation when the AUV is equipped with a buoyancy adjustment system. Through the analysis of test data on lake we can see:
The variable buoyancy system can meet the regulatory requirements of sailing diving and hovering. Figure 13 shows the flow curve of the stern variable buoyancy system during normal sailing. It can be seen that the flow of the variable buoyancy system change little in oil transfer process, and the system can reliably operate. The flow of variable buoyancy system can be affected by the depth, temperature etc. Figure 14 shows the curve of flow change under different depth. It can be seen that the flow from outside to inside of the variable buoyancy system increases with the depth increasing. 
VI. CONCLUSION
The hydraulic system designed in this paper is based on the need of variable buoyancy of AUV. The hydraulic system is validated by AMESim simulation, real system and test on lake on the basis of the theoretical design. The results show that the system can run reliably and stably.
The hydraulic system based on variable buoyancy system is reliable, and its flow can satisfy the need of posture adjustment of AUV through the no-load simulation and test results. It can be seen that the hydraulic system can steadily operate underwater 200m through the loading simulation and test results. The variable buoyancy system can meet the requirement of sailing diving and hovering of AUV. And the flow of hydraulic system is affected by the depth and temperature of environment etc. It provides reliable support for next optimize.
